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Final Progress Report 

Project Title:   Scalable Multicast Networks for High-performance Computing and 
Communications 
ARO Award No.: DAAH04-96-1-0234 
Principle Investigator: Jianke Yang/Yuanyuan Yang 
Institution: University of Vermont/SUNY Stony Brook 

The objective of this research is to design a class of scalable interconnection networks 
to support arbitrary multicast communications in highly parallel computing systems. In 
particular, the project was concentrated on 

• Designing routing control strategies for multicast networks. 

• Developing a network simulator to simulate multicast networks under routing con- 
trol strategies. (2) Deriving necessary and sufficient conditions under which mul- 
ticast networks are nonblocking. 

• Establishing analytical models for the performance of multicast networks. 

• Designing low-cost multicast networks. 

• Studying efficient multicast communication in optical networks, and determining 
rearrangeable and nonblocking conditions in optical multicast networks. 

• Establishing analytical models for the performance of fault-tolerant networks. 

• Studying efficient multicast communication (as well as general collective commu- 
nication) in both electronic and optical networks, 

• Studying self-routing scheme for multicast communication. 

• Analyzing rearrangeable and nonblocking conditions in optical multicast switching 
networks with multicast-capable optical switches. 

The most important results of this project are summarized as follows. 

• Seven routing control strategies for multicast networks were designed and com- 
pared. A multicast network simulator was developed. All seven routing control 
strategies were implemented on the simulator and evaluated with respect to dif- 
ferent measures such as network utilization and blocking probability. Extensive 
simulations were carried out on the multicast networks for different network size, 
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workload and traffic distribution, and a large amount of statistical data were col- 
lected. The experimental finding is summarized as follows: (1) A network with 
comparable cost to a permutation network is almost nonblocking for multicast 
communication. (2) Routing control strategies are effective for reducing blocking 
probability of multicast networks. The best routing control strategy can provide 
a factor of 2 to 3 performance improvement over random routing. 

• Several analytical models for the performance metrics of multicast networks, such 
as blocking probability, network throughput, packet transfer time and packet loss 
probability, were developed and compared. Two types of new multicast networks, 
restricted multicast networks and self-routing multicast networks, were designed. 
Both types of multicast networks designed have the same network cost as a per- 
mutation network of that type. The first type of network can realize a substantial 
amount of well-defined multicast connections in a nonblocking fashion. The sec- 
ond type of network can realize arbitrary multicast connections in a rearrangeable, 

self-routing fashion. 

• Efficient multicast communication was studied for a class of WDM optical networks 
with direct interconnects such as linear arrays, rings, meshes, tori and hypercubes. 
For each type of the network, necessary and sufficient conditions for the network 
to be rearrangeably nonblocking and wide-sense nonblocking for multicast connec- 
tions under several routing algorithms were obtained. An analytical model for the 
blocking probability of a fault-tolerant Clos network was developed and compared 
with simulation results, and our results indicate that the Clos network has good 
fault-tolerant capability. 

• Optimal algorithms for multicast and general collective communication were pro- 
posed for two types of networks: direct networks and multistage networks in both 
electronic domain and optical domain. Self-routing multicast networks were de- 
signed and self-routing tag encoding schemes were studied. 

• Rearrangeable and nonblocking conditions in optical multicast switching networks 
with multicast-capable optical switches were obtained and new designs for such 
type of the multicast networks were proposed and compared. A related type 
collective communication pattern, all-to-all communication was studied. Efficient 
all-to-all communication algorithms were developed for both direct networks and 
multistage networks. 
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